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A total of 1,834 cases of colorectal cancers were divided into two diagnostic groups and studied. The
ratio of smaller, less advanced carcinomas to the total number of colorectal cancers diagnosed by
electronic videoendoscopy has increased as compared to the ratio in cases diagnosed by fiberscopy.
This seems to be largely influenced by concomittent developments such as the implementation of
colorectal cancer screening assisted by the popularization of immunological fecal occult blood tests
and the increase in number ofexaminees. On the other hand, the use ofthe electronic videoendoscopy
has been accompanied by increases in the diagnosis of minute carcinomas measuring 5 mm or less
and fiat carcinomas which were previously difficult to diagnose. Under these circumstances, endo-
scopic mucosal resection has gained popularity, widening the spectrum of therapeutic options.
Nonetheless, endoscopic treatment also has been associated with increases in cases requiring la-
parotomy when carcinoma was found in the resected margin or those demonstrating invasion in the
submucosa. This may be one result of the more aggressive application of endoscopic treatment, but
the histologically recognized inability to detect carcinoma in the resected intestinal tract leaves room
for improvement.
KEY WORDS: electronic videoendoscopy, colorectal cancers, endoscopic resection, endoscopic mucosal
resection
INTRODUCTION
Recent years have seen an increase in colorectal cancers
in Japan. Changes in eating habits, especially those cen-
tering on high-fat low-fiber diets have be incriminated as
causative factors. As a countermeasure to lower the asso-
ciated fatal cases, colorectal cancer screening based on
the immunological fecal occultblood test has been widely
implemented. This, coupled with advances in diagnostics
centering on electronic videoendoscopy, has achieved a
remarkable improvement in the rate of early detection of
colorectal cancers in recent years. This paper deals with
a comparison of colorectal cancers diagnosed by the cur-
rently increasingly popular fourth generation endoscope,
the electronic videoendoscope, as compared with col-
orectal cancers diagnosed by fiberscopes.
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MATERIALS AND METHODS
The subjects comprised a total of 1,834 cases encountered
at the Fourth Department of Internal Medicine, Tokyo
Medical College Hospital, during the 24-year period from
January 1969 to August 1993. They consisted of 1,232
males and 602 females. Their ages ranged from age 16 to
91, averaging 60.2 years ofage. Ofthese cases, 1779 cases
underwent colorectoscopy. From February 1987,
fiberscopy began to be replaced by electronic videoen-
doscopy. The former method diagnosed 653 colorectal
cancers as opposed to the 1,126 cases diagnosed to date
by the latter. We collected all evaluable colorectal cancer
cases and compared the two types of instruments in terms
of the following: The items of evaluation are 1) change in
the number of colorectal cancer cases, 2) age, 3) sex, 4)
site, 5) causes for detection of colorectal cancers, 6) size,
7) degree of penetration, 8) shape, 9) ratio of sm cancer
viewed by size and shape, 10) endoscopic therapy and 11)
cure rate of endoscopic therapy. Both the diagnostic cri-
teria for, and classification of colorectal cancer complied20 M. MIYAOKA et al.
with the General Rules for Clinical and Pathological
Studies on Cancers of the Colon, Rectum and Anus.
those aged 80 years or older, while that of the early can-
cers similiarly diagnosed was higher in individuals in
their 40’s.
RESULTS
1) Change in the number of colorectal cancer (Fig. 1)
The incidence of colorectal cancers began to rise in num-
ber from 1981 to 1983, and sharply increased in 1987 and
1989. Early cancers began to be seen from 1972-1974,
their proportions rose from 1984 to 1986, constituting
nearly 50% of all cases from 1990 to 1992 and finally ex-
ceeding 60% of all colorectal cancer cases in 1993.
2) Age (Fig. 2)
Evaluation of the age distribution in the 1,834 cases of
colorectal cancers revealed a predominance of those aged
from 50 to 69 years (59.5%). When the cancers are bro-
ken down into early and advanced cancers, early cancers
were most frequently seen in subjects in their 50’s, while
advanced cases were most frequently seen in individuals
in their 60’s.
The number ofcases diagnosed by electronic videoen-
doscopy rather than fiberscopy increased in individuals
aged40-59 years and also in those aged 80 years or older.
The proportion of advanced cancers diagnosed by elec-
tronic endoscopy was higher in subjects in their 50’s and
3) Sex (Fig. 3)
Males outnumbered females by 1.16:1 overall and 3.17:1
for early cancers. Evaluation by instrument type reveals
thatmore male cases ofcolorectal cancers were diagnosed
by electronic endoscopy rather than fiberscopy, and the
trend was even more pronounced in early cancers.
4) Site (Fig. 4)
Rectal cancers and sigmoid colon cancers accounted for
65% of all cancers. When a disfincton was made between
advanced cancer and early cancer, the proportions of sig-
moid colon cancer and descending colon cancer were
higher in early cancers.
Evaluating detection according to type, a slight decline
was noted in the ratio of rectal cancers and sigmoid colon
cancers diagnosed by electronic videoendoscopy com-
pared to those diagnosed by fiberscopy. Similarly, a small
increase was noted in the number of electronic videoen-
doscopy diagnosed cancers of the transverse and ascend-
ing colon, although no significant differences were seen
between fiberscopy and electronic videoendoscopy. The
findings remained virtually unchanged concerning eval-
uations done in terms ofadvanced cancer vs. early cancer.
300
200
100
0
early ca.
advanced ca.
early ca. %
69---,71
(n=37)
72,’74 75"--,77 78’80 81,-83 8486 87",89 9092 93
(n-92) (n-93) (n-94) (n=139)(n=205)(n-452)(n-616)(n-135)
Figure 1 Changes in the Number of Colorectal Cancer Cases.
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As far as early cancer was concerned, there was a strik-
ing increase in sigmoid cancer.
5) Causes for detection of colorectal cancers (Fig. 5)
In all cases of colorectal cancer, the predominant symp-
toms were macroscopic bleeding and abdominal pain.
However, when divided into advanced cancer and early
cancer, the proportions detected by occult bleeding or dur-
ing follow-up were higher in early cancer cases, whereas
such cases detected as a result of macroscopic bleeding
and abdominal pain decreased markedly.
With diagnosis by electronic vidoendoscopy, the pro-
portion of macroscopic bleeding and abdominal pain as
causes for the detection of colorectal cancers decreased
and there were prominent increases in the proportion of
cases detected by occult bleeding or during follow-up
compared to fiberscopy. These trends were most remark-
able when it comes to early cancers.22 M. MIYAOKA et al.
total(n= 1909)
early(n= 669)
advanced(n= 1240)
(colorectal cancer)
EV(n=1190)
FS(n= 719)
(early cancer)
EV (n= ,542)
F(n= l)
<advanced cancer>
EV(n= 648)
FS (n= ,592)
0 50 I00(%)
(EV electronic videoendoscoDe. FS fiberscoDe)
Figure 4 Site
s
mD
IIT
mc
total(n= 1779)
early(n= 593)
advanced (n= 86 )
(colorectal cancer)
EV(n=l126)
FS(n= 653)
<early cancer>
EV (n= 495)
FS (n= 98)
<advanced cancer>
EV (n= 631)
FS(n= 555)
0 4’0 6’0 8’0 110(%)
(EV electronic v;deoendoscope, FS fiberscope)
Figure 5 Reason for detection
O OCcult bleed;n[
] macroscopic bleed;n[
1 abdominal pain
[]abnormal bowel
I anemia
B follow up
[! others
6) Size (Fig. 6)
Most colorectal cancers were 11-20 mm, the next most
common size being 10mm or less. This tendency is espe-
cially pronounced with early cancers. The smallest size of
advanced cancerwas 11 mm, the mostcommon size being
41-60 mm, constituting 44% of all advanced cancers.
Electronic videoendoscopy detected more relatively
small colorectal cancers measuring less than 20 mm than
fiberscopy. In particular, the diagnosis of minute cancersCLINICAL ANALYSIS OF COLORECTAL CANCERS 23
measuring 5 mm or less is markedly better by electronic
video-endoscopy than fiberscopy.
7) Degree of penetration (Fig. 7)
As for evaluation by degree of invasion, m cancers head
the list, followed in descending order by ss cancers, and
and sm cancers.
It is of note that among cancers diagnosed by elec-
tronic videoendoscopy the ratio of cancers confined to
the mucosa propria and pm lesion increased in propor-
tion to the total number ofcolorectal cancers as compared
to the ratio seen in fiberscopically diagnosed lesion.
However, the ratio of sm lesions or lesions invading the
serosa decreased.
total(n= 1075)
early (n 669)
advanced (n 406)
(colorectal cancer)
EV(n=85|)
FS(n=224)
0 2’0 40
(colorectal cancer)
EV (n=852)
FS(n=223)
total(n= 1075)
(EV electronic videoendoscope, FS fiberscope)
Figure 6 Size
(EV electronic videoendoscope, VS tiberscope)
Figure 7 Degree of penetration24 M. MIYAOKA et al.
8) Shape (Fig. 8)
Type 2 (ulcerative type) was the most common overall
followed by type Ip. When distinguishing between early
cancerand advanced cancer, the Ip type and Isp typemake
up the vast majority, in the early cancer category, while
type 2 was by far the most common type of the advanced
cancer.
In colorectal cancers diagnosed by electronic videoen-
doscopy, the proportions oftype Ip, type Isp, type IIa, type
IIc early cancer and type 1 (polypoid type) advanced can-
cer increased, while those ofIIa+IIc early cancer and type
2 advanced cancer declined.
9) Proportion ofsm cancer viewd by size and shape
(Table 1)
Regardless of shape, the larger the size, the greater the
proportion ofsm cancer.Smcancerwasevenbeendemon-
strated in a type Isp foci 5 mm or less in size. Higher pro-
portions of sm cancer were seen in flat type lesions with
a central depression such as type IIa+IIc, IIc and IIc+IIa,
but the proportion of sm lesions was lower in type IIa-v,
even when of a larger size.
10) Endoscopic theraphy (Fig. 9)
With both types of instruments, snare polypectomy was
the most common procedure, being performed in 77% of
all cases. In electronic videoendoscopy, the necessity for
conventional surgery resulting from hot biopsy or biopsy
procedures has decreased, while endoscopic mucosal re-
section and piecemeal polypectomy increased.
11) Endoscopic theraphy cure rates
Electronic videoendoscopy has a higher cure rate than
fiberscopy in the flat type, but both types have poor re-
suits in other type lesions (Table 2).
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Table 1 Proportion of sm Cancer According to Size and Shape
rllp
[ Ila, llc
Ii lla+ llc
2
lla + llc
Ip Isp Is lla lla-v 1/c, llc + lla Total
Size No. sm (%) No. sm (%) No. sm (%) No. sm (%) No. sm (%) No. sm (%) No. sm (%)
5 0/5 0 1/10 10.0 0/12 0 1/27 3.7
6-10 9/84 10.7 18/101 17.8 !/14 7.1 5/33 15.2 0/2 0 8/13 61.5 41/247 16.6
!-20 271181 14.9 24/67 35.8 3/10 30.0 4/30 13.3 0/8 0 9/15 60.0 67/311 21.5
21-30 8/27 29.6 8/19 42.1 0/1 0 4/6 66.7 0/9 0 7/7 100 27/69 39.1
31- 1/6 16.7 0/5 0 0/2 0 4/13 30.8 1/1 100 6/27 22.2
Total 45/303 14.9 51/202 25.2 4/37 10.8 13/71 18.3 4/32 12.5 25/36 69.4 142/681 20.9CLINICAL ANALYSIS OF COLORECTAL CANCERS 25
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Figure 9 Endoscopic therapy
Table 2 Endoscopic Therapy Cure Rates
Electronic videoendoscope
lla + llc
Ip Isp Is lla lla-v llc,llc + lla Total
Size No. % No. % No. % No. % No. % No. % No. %
5 3/3 100 5/6 83.3 2/2 100 10/11 90.9
6-10 59/69 85.5 58/73 79.5 7/10 70.0 15/22 68.2 2/9 22.2 141/183 77.0
11-20 129/146 88.3 31156 55.4 6/8 75.0 13/19 68.4 5/5 100 2/3 66.7 186/237 78.5
21-30 18/20 90.0 10/17 58.8 1/3 33.3 2/2 100 0/2 0 31/44 70.5
31- 3/4 75.0 1/3 33.3 1/1 100 5/8 62.5
Total 212/242 87.6 105/155 67.7 15/20 75.0 29/44 65.9 8/8 100 4/14 28.6 373/483 77.2
Fiberscope
lla + llc
Ip Isp Is lla lla-v llc, llc + lla Total
Size No. % No. % No. % No. % No. % No. % No. %
6-10 13/14 92.9 22/23 95.7 2/2 100 4/6 66.7 1/1 100 0/2 0 42/48 87.5
11-20 26/28 92.8 8/11 72.7 0/2 0 0/1 0 0/1 0 34/43 79.1
21-30 6/7 85.7 1/1 100 7/8 87.5
31- 1/2 50.0 1/1 100 2/3 66.7
Total 46/51 90.2 32/36 88.9 2/2 100 4/8 50.0 1/2 50.0 0/3 0 85/102 83.3
Inourinvestigation of51 patientswhohad subsequently
undergone laparotomy after initial endoscopic treatment,
we found cancers remaining in the resected intestinal tract
in 10 cases (19.6%), and in 15 cases (29.4%), the intesti-
nal resection was necessitated becase of residual cancer
on the polypectomy margin.
DISCUSSION
The conventional fecal occult blood test was a chemical
procedure with questionable sensitivity and specificity,
and low reliability. With an eye to applying the immuno-
logical fecal occult blood test to screening of colorectal26 M. MIYAOKA et al.
cancer, we developed a fecal occult blood test with human
hemoglobin antibody and confirmed its usefulness,
thereby bringing the latex method(OC Hemodia(R)) to per-
fection.2 Detection of colorectal cancer cases steadily in-
creased since 1984 as these techniques gained increasing
popularity. The number of colorectal cancers detected by
positive immunological fecal occult blood test has grown
since 1987 when electronic videoendoscopy was intro-
duced. Since most large, deeply penetrating colorectal
cancers are positive on the immunological fecal occult
blood test, many of these colorectal cancers have been
diagnosed by electronic videoendoscopy. The immuno-
logical fecal occult blood test is also capable of yielding
a high positive rate in pedunculated foci. This seems to be
responsible for the increase in detection of colorectal
cancers with pedunculated foci. Higher proportions of
colorectal cancers were diagnosed by electronic videoen-
doscopy in patients aged 40-59 years and in men rather
than women. These data are probably partly due to a pick-
up bias arising from workplace screening, in addition to
the specificity of the disease. Therefore, to interpret these
data as meaning an increase in colorectal cancers among
young men would be unjustified. Although recent years
have seen a dramatic increase in the numbers of working
women in Japan, the number of working women in age
groups with high cancer incidence is low. Thus, the
observed increase in colorectal cancers are greatly influ-
enced by social background, especially in early cancers.
The fact that those aged 80 years or older have higher
incidence ofcolorectal cancer is partly related to increased
longevity.
The most common location of colorectal cancer is the
sigmoid colon, perhaps as a result of increased detection
of type Ip early cancers in the sigmoid colon that became
more easily detected with the developement of flexible
colonoscopes.
Undoubtedly the immunological fecal occult blood test
has made a significant, contribution, but it is of limited
ability in the detection of flat lesions, many of which are
sm cancers, even if small. The test yields a positive rate
ofapproximately40% for early cancers, but it is certainly
insufficient as a means of screening for early cancer. The
main targetofcolorectal cancer screening is Dukes’ B type
lesions, which increased detection of cancer measuring
40 mm or less and pm depth of invasion is an encourag-
ing sign, we must also recognize that the possibility of this
test that can be successfully treated by endoscopic ther-
apy is low.
More recently, early cancers have been increasingly de-
tected in follow-up after endoscopic therapy for cancers
and adenomas, emphasizing the importance of follow-up
and careful post-therapeutic observation. Incidentally, a
total of 143 cases ofmultiple colorectal cancers have been
detected at our department.
With the fiberscope we had to peer through the small
eyepiece lens, but with the electronic videoendoscope we
obtain a bright, large picture. The latter offers several ad-
vantages such as easier detection of minute lesions, eas-
ier staff coordination, less fatigue and educational merits.
When it comes to the diagnosis of colorectal cancers, the
influence of electronic videoendoscopy has not necessar-
ily been great. Nevertheless, the increases in cases of flat
lesions such as IIa and IIc type early cancers and minute
cancers diagnosed by electric videoendoscopy deserve at-
tention. This also applies to adenomas. Electronic
videoendoscopy seems to have definitely upgraded the di-
agnostic capability with regard to minute lesions. In ad-
dition, washing of the intestinal tract has contributed
remarkably to the improved preprocedural preparation of
fight-side areas such as the ascending colon and cecum.4
Indeed, detection of minute lesions at the site has become
much easier as a result.
The increased detection of flat lesions by electronic
videoendoscopy has brought about anew technique in en-
doscopic therapy. Specifically, fiat lesions are devoid of a
boundary with the normal mucosa so that the snare wire
may easily slip. This causes difficulty in strangulating the
whole lesion, which increases the risk of leaving part of
the focus intact, In this case, an endoscopic mucosal re-
section is performed after submucosal injection of hyper-
tonic glucose solution or physiological saline, to cause
elevation ofthe lesion to facilitate the placing of the snare
wire on the lesion. This procedure enables safe resection
ofthe lesion, but is limited. When applied to large lesions,
it may leave a residual positive margin and result in more
laparotomies among the cases in which endoscopic treat-
ment had been attempted. Therefore, modified resection
should be applied to small foci. One definite advantage of
this technique is that when no elevation of the lesion is
recognized following the injection of the solution, it indi-
cates the presence of massive invasion of the submucosal
layer, and therefore the need for conventioned open
surgery. Elsewhere, an increase in minute cancers has
raised problems concerning hot biopsy therapy. Although
simple, hot biopsy is a debatable procedure because the
condition of the cut end is unclear.
The advent of electronic videoendoscopy has been ac-
companiedby an increase in thenumberofendoscopically
treated cases requiring conventional surgery. This seems
to be due to the widened indications of endoscopic resec-
tions. In our investigation of 51 patients who had subse-
quently undergone laparotomy after initial endoscopic
treatement, we found cancers remaining in the resected in-
testinal tract in 10 cases, or 19.6% of all cases. In 15 cases,CLINICAL ANALYSIS OF COLORECTAL CANCERS 27
or 29.4% of these cases, the intestinal resection was ne-
cessitated because of residual cancer on the polypectomy
margin. Therefore improvement in the endoscopic proce-
dure application of the procedure should requires further
refinement of the procedure.
Since the electronic videoendoscope constructs an
image through electric signals, the image can be processed
by computers. We have performed studies on enhanced
imaging and quantification for some time. In image pro-
cessing, a dye-spray method can be used to improve the
detection of minute lesions, but, it would be difficult to
spray-dye the whole intestinal tract. Dye-spraying should
be done after detection of a lesion or abnormality, and
wouldbe difficult toperformedthroughoutthe entirecolon
as a screening method to improve detection. We attempted
a method of image processing designed to make the en-
doscopic picture more intelligible through enhancement
of minute irregularities and color tone. Structural en-
hancement by band pass filter intensity in HSI (hue, sat-
uration, intensity) color space and color enhancement by
histogram flattening of saturation (S) in HSV (hue, satu-
ration, value) color space was attempted. Based on the re-
suits from anumber ofimages,5we made aband pass filter
providing good images on an experimental basis and used
it in the clinical setting. As a result, detection of flattened
and minute lesions was improved over ordinary electronic
videoendoscopy, but regrettably there was no statistically
significant improvement with regard to the detection of
cancers. As such, extensive observation of the surface
structure seems necessary to decide whether or not resec-
tion should be carried out. The results of color enhance-
ment were rather discouraging as it varied, depending on
the distance from the object observed, and reproducibil-
ity could not be guaranteed.
In addition, we are attempting quantification employ-
ing images taken by a dissecting microscope for a more
objective assessment ofan endoscopic picture. This study
is based on the fact that in cases of tumors, the pit pattern
of the surface becomes more complicated compared to
areas of dysplasia, and we are addressing the question of
image quantification by referring to the maximal diame-
ters and degrees of circularity of the pits. At this stage, the
ordinary fiberscope fails to allow observation of the sur-
face structure in all types of polyps. Its resolution in cases
of small foci is not sufficiently high, thereby necessitat-
ing extensive observation by the electronic videoendo-
scope with the aid of the high density picture element
charge coupled device (CCD).
The resolution ofthe electronic endoscope will improve
as the number of CCD picture elements increases. Four
hundred thousand elements are the limit for television
monitors currently available, and more elements are pos-
sible only using a Hi-Vision monitor.
Since a flattened lesion, if not large, is more frequently
a deep-penetrating focus, close observation is essential.
Although more accurate observation is possible with the
advent of the electronic videoendoscope, there remains
unsolved blind spots inherent in the endoscope such as
areas behind the semi-lunar folds and inside the flexures.
As such, many features of the endoscope must be modi-
fied. This includes not only the CCD, but also the angu-
lation characteristics and introduction of a wide-angle
observation lens.
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